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§«S§. ^^'^ 5Jo S> ^| ********** M<tfe 

^l- ^ *u FED < field e, " issi ° n display). Wftfi. B|g 2*rS*|, +± X» BMW *i| 
^Ej£c CRT cathode- ray tube)3 SWSfiScHI tf«s|o S «j««l 7 | oiumh ^i^coi ^17T._ 

S2S?? (Cj0Umet 6t al " NatUre 388, 756 (1997) *' D S - B ethune et al., Nature 363, 605(1 993))0|I4 Ef OM 5 
«JH(R.E .Smally et al., Science 273, 483(1996))<H| CT+eh B^iffM* &S*rB B£4Jn»« fit 5i* 

S5°! * £l *. 5rs ° l flow xrow " i£ *5 lw H 5ew 

™f4 B jR3* sfe " w ***** m ™ **** 

BE, tMWsl tfBtS W*f7l4rS*ra<H| Qt*e, r^«Sfi| 4JB|?KWZ.Li et, al., Science 274 

1701(1996)) Sfc «ISBrG|e( Shinohara et a) Jpn j App| phys 3? ^QQX)) 7|& flOflAH B±Ulc#M 

S «»A|fiCK 0| »go| Ofsa 7|So| [} gS ^am-o, qD(| g4fS DHSA|?|7| fltf 7|B *]B| 3fS 

OlM*l«r*te »A|tfO| ^flflCj. Q}EMH5J3 £flO| <Htl2 *#0| SB CHWa 7 |So| 

fiSl-SOF Sr«)-7|^S^tt(Z.F.Ren etal., Science. 282, 1105 (1998))°£ BsfcLficffM* g^ofl 
fe7|B(H| g^-Efe S£7rflH¥ aBW*B r S0|- 0|L-|X|0| o|«H B^LfJiiffMSl 

ft Bt«0| 01*3* Srfc 7|^^ 3}Xfe CflS^ 7|&*|0fl «5|o S SSJS B±L*ieff «» 

^7i 7i*si awn a^^7i ^b eyg<Hi tne b^^^msi erg ttaomma a*i es^i 

#S*f3f*|» ArS*r<H 7|B^<H1 4*l*r*l SSS ^^?HS| B^ieffMfift &^b' * ^ 
7| B±LficffMftOi| Htf . Stf . OFAIlMtf gj O|fio| Sff7^ S 0|*0-|a ZLflOflAH ti^S 3^1 7r^» 

^7| S«| BTHIfe ^7| B^LftSMSe S3«ffe BtIIS* ej-A|#£ SSJsife SJOI dFSSj^cK 

Hr»S|«r7|*fc. ^7| S«| B*| *<H| «ff^ 7fAf AjS^O^ tf7| fllrtr7|tf9«r9«|A¥B| ^ 
7| S^l 7ri:» bH7|*fe d ?U|BCK 

tf7| B±i4M*M6S Sti«rfe E^7^lte 7|B#cH| ADH Stff^S Bt(|, #7| grff 

STS <M^«rO^ esj@ H7|£| ifOH SJ^SS Sg*Hr 9711 a Bi ^sp^ 7 r ^# o|* 
«r«H #7| «2rSr7|#S^X|LH(H|AH #7| fiB|S l4it 37|S| ^DH Wfia r 4 B^UMfM 

#«#a|^ 7|B#(H| ^5jsf^| SMt! *4*7H£| B±ufit#M«« B?tl» atr» 
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Sn^9^^200^ -0049546 

#7ieEi€!LFjn H7i°i 4oh . 34 swss BXfc *hlw ?^ 7^*1** 

^g?^s ol^aaftcHW dsiS o^*moj ^7^**iesHA|^ Af*#te 7K4|»w 

tf7| 6|3 7^fc &SL|0> tfAOljl. 7| 7^ 4|Zttie 700 U|X| 1000'C £| g£<H|AH 80 L|X| 400sccin 

2s * 7i a agoi- i0 ujxi soea ssl^ai^ah m&t soi hutsj *ck 

^JnMt'fefr?? I 700 ~ 1 000'Cfi| SSL<HW20UM 200sccm°| #lfo S 10 m 

*i 60 1* a 7^» es^Ai7|iaAH ssEfe aoi unpack 

tft«l#7|afc &7|4D| 34fcW*8 Sgflte B^|2f 7| e^LfM^MS* &«Sfte » 
NfcSW 447|tf54SX|U|0|Al e!-A|#S SgJJEjDi, 4f 7 |B^i:»H fi§ q. 
* 0|*<H| fittf^ 714 At**<H tf7| ti«47|tfS8t9X|j,¥E| ^ 7^* HH7|*T 

BEW. aBWtftfBfi 0|*KH|AH 7|A|£|fc 4JA|(H|(H| ffSEIfe 3«0| 0>M3 AHS ctiff \ 

eHS ao|m,Bx| Si|A|oflte SBtS°| ?Ha|7F &S*r£4*HJ|, s*s| xhs ym* 

<HI*I SSI WKftJSMI tf a* 7 | *|SH X03£lfe 50|cK S¥S 2 Sf47|tf§S*|» " efuj 
teEES 49* WW ?m*!2.s. £A|S aow. aEU7ie, 40H 344S!4D|| ^weoi 
J™ a'H7|#s tfSSflsw «fcH ea|& 50^. £B(HW Sfl S2i ¥£te §tt ¥*H* L^y 

?«I«J£1 tfg B*{10 B?4)t E2U|X| efttfZW U<&m, e^, 7|S(E 3aS| 110)tf<HJ40r| 
344(E3a°l 130)»««tfcKE 2°| 10-1 B*l). 7|e(H0)<=>£te .*E|, 4IBI5 5Ete tf¥D| 
^(Al 2 0 3 ) 7|&S0| Al-SficK 4nH344(l30)e uia, a, SEte oltsi &S(Stf S-M 

% attA-« SEte USI-3)* AF**KH ««»ch *oH 944(130)8 S4B; 54tto| 
L+^Ellia* At*«W 7|B(no)tfo| + nm LHX| +4 nm¥7J|S, uFttS|«7|£fe 2nm U|x| 
200nm ¥^I|S S^fi-cf. 

7|&(110)«£ ^BJSS Af^Sfjl 4D« S4Bf(130)S 3tf S, Ufl Sfe 0|SS| S>ffSS A|- 
**KH S^ff S^Oflte 7|»(110)j!f 40H S4Ut(130)0| #2. ®%tHoi tfE|AK>|=flfO| S^£l 
te5JS^xW7| ASH 4QH 34BN130)S£ S«HI 7ie*f(H| aejs|-(£ 3bs| i20)S S«*fte 5!o| 
HW5|«H*. ilBlfitf «ht 2fe tf¥DH4S0| 3*aKl20)££ AfSficK 

OWM. 401344(130)* ^moi Lf t 37ISJ 40H 34 ?J ^(independently isolated 

nano-sized catalytic metal particles)* ficK(£ 2fi| 10-2 EMI) 

eais a7|o| mow s ^ ^mt &w= #hlw 7^ ^ 7^ a ^ 

Sf* 7^S 0|¥0^S a*<H|Ai ijiljS 0^ sma| Ajzf 7 ^x fi ^ e8HA|^| AFSSffe 7^ 4|^ft| 
SEc tf7| i|2f 7^fi| SSfSDh* AfStfte SE^Dh ^2tacH| oj«K ^SSCf. 

tf7|7te4Wfle tto|a«gch SH40H 344(130)01 sasjcH 2!fe7»(i 10)** £ 

40fl EA|E|o^ Wte« ^47|4!-S4»*|£| fiE (310 )<H| >|B| o|a|£|£4 14&SI *!£!• ^ a 

s* a m7\#§m*m w*s ooojuis £s»ct. ai<3io) 7|&(ho)^<hi %&s\o] m 

4DH 344(130)S| ifflol *W 7 r ^2| ?m?K3l5)i* BJ-cH tf»0|HAH 0^EHS »Sf£4*r 

o=tsg&cj. 7t±9\ ^y^?r4 4qii 344(i30)si iaoi ei-oj ysroi £i£4 «fte as 

7|#(1 10)#<HW 4)4 7^SJ *S"a.*(massflow)0|24J«i|x|E4 y*S| 5tt£* *0|7| 

5! o|ck 4DD 344(130)S| iejo| o^EHs »*f£4 «l-te tf#*o|Lh 
#S£(300) UM<>\\ «<HeJQ E.^ 4e|**o| V<H3/H ?3&S tf^SA|7|te 5J* ^x|«j7| flSHAHol 

MM(310) S9^, Bh*S(330) U|o| yaj* cH7|^tf Sr«r7|^S^&*l* A^tf g^) SEte U|S| 
« 4 mTorr- + Torr S£(Xitf 2f«r7|tf S4»*l* 4*ff g^)7F £|£4 t!hS£(300) 
fi|4^l<H| 4I*I€! m aSI(330)S A|*«|-Oj ^*S(300)LHfi| SE* 700^ U|X| 1000°CS ^^A|3 
tt. W*S(300) UISI *E7J *S S£o| cH^aa 7^* tt*S(300)U|S 33&cf. 7 r ^te 

Sl-aLM 7^, ^ 7^, SEte ^^Sl-S 7^»AhStf <J» gJCf. 0|g &^L|0^ 7fi7f4|^ 7^ 

S. UWmQ. H3.HOI 7^*Ar§a g*<Hlte 80UHx| 400sccm2| ftgfo S 10 lHt;! 30S 
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e 5<hi eai<ei<h afed r 2rtfoi ehsmooo) ma sss *w 7 r ±(2oo)fe 7i&(no)tf£i naiej 

Si^Kgrain boundary)* tr}2|. 4fDH g<*fHt(l30)S AH£ ^§W°£ SBlS Lfir H7|o| ^q|| g 

*»W(130 P )#S 7mm E <8M\MiMo\\M H± H7|te4> nm o|| AH 

nmfil H7|#x|SBCr. *W 2>a<H| OrEr SEIS Uk. H7|£| *rj||a4 SMftSl H7|2r ?j 

SBrSDr il^ttlSJ B±i4i#M S3 3£A| S*|2r fiSlS «t§|*ieJ SSfSOr 

S*|(HW (Mb?** 13.6MHz, 7^o| ^o.1U|X| 10 Torr 3) m 50 U|X| 200 W£! 58S 

*J<HW 8Hi_|o r 7^.44: ?r^fEfe <£4:2« 7 r ^* 30 U)x| 300sccm£>£. #£?A|^ g^tf 
#£rSQHl 0|g*M 350 U|X| 600°C g£<H|AH5mx| 30eZh^D|| 3^(130)8 q?i$0i »B|S 
i+k. =L7|£| *o|| fcMS(l30P)S S&Bcr. 

* *t£J »iLfJc#M £2 5SA| AF3H o^ciJ *32r*r7|tfSStS*|2r flafls ESS » 

*l, <HISCH EIHS SBteDf AFStf S^CHIte 13.6MHzS| ?nf^# A^«ffe Blfifi S Br 

ZD r S*|<H| BHL-W 7^, 4=± 7 r ±5Efe <£±SrS 7MS130LHXI 300sccm£S «£*A|?|gAH 

#2rSDH am7|tf5*rs*iu|£ 39«f<H SBISLtJil H7|2| *aH fcMSS «£j 
^Zf §g£ 350 U|X| 600°C SEOflAH 5 UW 30 fiZr ftlAltfc}. 

T^SHAH, B± ±2.± 7^# & Sm7|tf§srS*|U|£ 93«0| B^LfinffMS* 7lB(110)tfOj g 
3A|m.(£ 2£| 10-3 B*|). 

Er£L}MFM&| £SA|?|fc B7l|(10-3 B*|)fc Lrit H7|fi| *0H 3^ SMftS SfclSfe 
B^|(10-2 B*|)2f £J-A|#£ UA|*H=- 5)0| dr&SlSW. ?*«5|o Si L}ic H7|2J S<*r £J*r 

*£4<H|£A|£W 2,'feaF«r7|^s^*|LHcH|AH ?J?, -6JZ|- 7^SJ SSB n&$jL B± 

±2.± 7^# ^*S(300)LflS Sam. BS£(300) U|o| £ E |@ ^ 37( o| afo(| 

2J*r5(l30p) S^A|2| g^jy S5E b^£| 700 1000°C» *X|«fE^ tto. ±2^ 

7^fe 20 U|X| 200sccm2| 10 U|X| 60fi§tt 5S&Cf. g.^ 7^Sb C, ~ C 3 fi| BSr 

^^(hydrocarbon) 7|->i7UrSSr:K d r &3|*r7|£te oWlll?!!, cHIUtjj, ofl^, iSfflS! =S» 3E 

«IB7r>sSO| A^*a 4 s gS S£o| ^pj 700°Cfe &± 7 r ^7 r SSSHS ^ 

»fe il± LrE r y)cK 

BIHS SSrSQr &*|2r W«r7|tf9<r9«l(a|£A|)t AfgSrOi fiB|S l4lt H7|£| ^DH 

^u^ej s^^so^ ai-«^ eEjsi4jt 37|oj ^qh tints s^chi^ £4 
^ B£LriL#s# £»Aim. 

B^l4Jt#MS| 4fE SL' AlZrS 5S«r7| fl«flAHfe gB(carrier) 7^(^4i SEfe 0 r seso| d | 

fif^ 7^) SJ/ab 7 r >s(4 i ^SrS 7 r ^)SS B4i 7^2r §A|(H| ^£ gJCr. 

SE. B± 7 r ^2r SMI U|§S ^J^ 7 r A(o<|:taL|Or 7 r A, 7 r >s SEte ^^Srg 7[ 

^)SSAW 5S*F0^ 7|B^0fl ST^Elfe B^Lh^MSl aE2r^5fSEH« SS'SI' 4»E 2icF.Bifc 
±2. A 7 r ^2r ^2+ 7 r ^£| ¥*|bl|fc 2:1 L|)X| 3:1 0| U-tfS|«tc}. . 

£6<H|£A|£|0H 9im& ?i0| BS£(300) L|£ B± 4:2^ 7FA(500)fe SlgSllSKH 14^ 37101 

^DH yxr»(130p) zmoM Bil4t#M(150)fiO| ^5f8r£^ ffr^. a 34 5|?jO| ^nm Uj 

x| ^ nm,<H|ap| inmU|x| 400nmO|jl ?JO|7 r 4= |in U|x| 4»W| |im, ol|?Hcfl 0.5p U|x| 300pej B 
^LricWM* ©tiff « 2,'Cf. 

OMM, B4i 7 r ^# «|7|tfC*.(£ 22l 10-4 B^|). E70^ EA|£J(H 2,'fed r 2r ^Ol, B4i 7^ 

fil 5SS *rB*rjl, 7 r >i# grSS(300)U|S 200 U)X| 500sccmSS Sa«rO^ B«£(300)UM 

5rS«rfc 4:2>t 7 r ^# BH7ff(340)# »8H HH7|BCr. fifif^ 7^Sfe O r SS 7 r ^7 r S|Sf«r 

b sbsb ere* «■ xw 4 aifc saoi wck 

0|^71| B^l4ii#M(150)S£| ff^Ol BSiEie, B£Lrt#M(150)ft£| &^ B« 0|(HAH B±U 
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MFM(150)6* S*US.H}.(£ 1£| 100 

S*UB*H= S80f£A|£|oi 9im% tfo|, SSI 7\±* 0|S8 SSI EW(100-1 &n)% SS|7^BB7| 
9*1(100-2 9*l)£ ?SSch ■ 

*2j are-oiife aoo* s<hbi»oi saw « m. gew, ^essi ^4*&#m(16ohi« as 

flsHAHfe ois s^sss si?W7i m ssi s.^m. 

SSI 9*1(100-1 g*)fc B^L^in#MSo| B7j | (£l a, 1oe ^|)^ ^LAI^S flA|JEfe %0| Hh 

E70fl£A|£|(H amsk 5M, ±2.± 7^ bH7|* flfi- tt« 7t4£| 9a& 
2, SSI 7^1 &«£(300) L|£ 5S*W Sxift 4JAI&CK 0| OH, tf*S(300)U|o| g£fc 3 00U|X| 800 
°CS g*i| 7te» 100 Ujx| 400sccm»a 30fi U|X| 60fi& S5ff CF. 

SSI 71-AMfe Stf , "Stt, OMI^tf Sfe O|fio| £g- AfgffCf. 

SSI 7^(fitf, fctf, ON m^)oj ffle8H oj sis)) ggg ^ o|S(H+)fi »4s 9«HB| Sfe E&4e| 
SSS go|*M| SWfcH}. SE SSI 7^(S3 H , gi+)S| S3e«H tfS£! CI- £fe N0 3 fe^PH a* 
SI* S^^2S 7vl|7Hfi-Cj-. 

SSI ttgO| SSI 7^ BH7| 9*|(£ 8fi| 100-2 9*|)# 4JA|£hCf. £ 7(H| £A|JEj<H fc!feHF<tf 

^0|, S«l 7^fi| gaS ge*U, BhSS(300) U|S CfA| O^g y^slr *ttS 7^» 200 ~ 
500 sccmfil ftgofi SS^EM tt3£(300) U|S| &E# «t?A|t|3|- gA|<H| W*S(300) Ulofl Sff 
*fe SSI 7^f dH7|?(340)S »«H UH7I&CF. tfg£(300) LH£| SE7U00'C 0|#a. Slflg ffl) S«| 
fi 9±l4i#MS0| «S£M a!fc7|e(110)S0| 2,lfeMS(310)# W«S(300)<H|AH 

7^S| uU7| e^|(100-2 B7|)fc t*S£(300)°J gE# *F&A|?|fe gag 7^0fl 

E^UicffM(i50)#0| SJ¥ £tf£|fc 5!S tt*W7| W 5!0|cf. 

£H<H| SSWfc SoHBl S!E^ nFe|SS4 gf9<H| SSlSfe fio| a*? S<HE|5o| & 

a*i sws ai^Efij &±nic#M(i50)f oi sis^o s gcnacf. 

3t&£t£Mf- 

&*IUI<H|AHfe cf^£| 7|&^oj| gAlofl tT« SSS SSste W*W ff«o| 7^fe*H^. aEln S 

n se» w*£L4is s«i 7^# ^«y«ho=i 4jAi«Ffe gr^o S y^^Tii ^Aim & 
s'sms.s. tiM&t g*<Hi am 7iesj o\^±a.s\t xia a <r 9x10^4 ^assess. ^6 

A|517MX| 4:a£|fe A|^E ^7J| SSI 3*8 0| 2hB^7| CUgOfl H6£S| &^LH C #M2J 

&S ^SS ilcHSftf ^ 9ic\t 9SOI S,'cF. 

S?^1 

tfSW7|tfS*TSf*l« Af««KM 7|B^(H| 4»5|«F>II SMS *t^7H2| 9ikU' c #MSS &S 
7| 9±i4ic#Mftofl Si+, oWls^ a! olfioj *tf7^s. oldens afioflAH -tjail! SSI 7^ 

* sa^o^ 4f7i eteLfeffMsoi s^ss si7H*ffe ssi &m 5s ^s°s 

S?»2 

si i«khi a!o^A^,^7| ssi e^iife ^71 B^uin#Mfts ss^t bta^ ej-Ai#a sssife 
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SI iSfofl gjoiAi tf7| e±4M|MftS EWfe 
7|»tf <H| 4oH a«ifets S«^fe 
7| 44 S4^S 4W<W gals Lfic 37|o| 34 SWftfc Sgflfc 5! 

S^nfrf-Jl-L* ^| Wtr7|tfS«T»*IH0|Al #71^^ H7|°J 40|] 34 «J 

2?iS,- fi t LF , lE * M * ** A| * 7|ffW sfsW SM SimcliS M 

si 4»(Hi aoui^7i esi@ 37 |o| 3^ WfiS B7))fc &au|0( . 7 ^ 

S?#7 

*n 6skhi a.io^H, ^71 4|zi- 7f^fe #sgoi- ^oiii, 

7| 7^ iJ^HS 700 UW 1000'C fi| g£0i|AH 80 UW 400sccm°S 7| tf£L|0|> 7^# 10 LflKl 30 

flUSofl 2,'<HAH,^7| gels Lft H7|2| 44 MtHH SSWte B?ife ttHMoF 7^ ^ 
±7^SU*±»» 7}£A 0|?<XE| nftOW |d«lfil 0^SH4oj 7 ^o| SSFSDH « 

* 4»<H| 8!©W,tf7| B^icttMH ffgsffe Ettlfe 700 - 1000 «CS| SS.0\\M 20 UW 
200sccmS| #|^o S 10 u)x| 60^^ &i 7^#fiS^A|?|iaAH BSiEjfe 3J8 isios 

10 

* 4&(H| JUoW, 7| 4dH 34 S£8fe B*|# 7| EteLt>c#MM ffgste B*| 

smMi 

Xi|4&(H| a!cHAi^7| &±l4in#M&S &^*Ffe 0|^(H| ^| AFg*^ tf7|E3 

«T7|*SW*|a*B| ^7| 7^# UH7|*ffe cf ?d|*H=- 5JS 4S®S &± 
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